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. Restriction fragment length polymorphism (RFLP) patterns of representative Arcobacter isolates from male pigs. Reference strains of A. butzleri and A. cryaerophilus groups 1A and 1B are compared with field isolates. All of the field isolates hybridized with the probe and thus were verified as Arcobacter. The arrow indicates the position of the ϳ3.0-kb band that is characteristic of A. butzleri. Isolate SP51 exhibited this ϳ3.0-kb band and was thus verified as A. butzleri. On the basis of RFLP patterns, the remaining isolates could be identified as A. cryaerophilus 1A (SP32, SP35, and SP56) and 1B (SP31, SP34, SP57). Hind III digest of bacteriophage is the size standard (kb).
Aerotolerant Campylobacter-like organisms were first isolated from aborted bovine and porcine fetuses in the 1970s. 2, 3 These organisms were designated a single species, Campylobacter cryaerophila, on the basis of aerotolerance and the ability to grow at 25 C. 9 In 1991, after extensive DNA homology studies, the species Campylobacter butzleri was proposed for the aerotolerant Campylobacter-like organisms isolated from human enteritis. 7 On the basis of that study, two distinct groups of Campylobacter cryaerophila, 1A and 1B, were identified. In 1992, the genus Arcobacter was proposed to encompass the aerotolerant microorganisms of 4 species: Arcobacter nitrofigilis, A. cryaerophilus, A. butzleri, and A. skirrowii. 14, 16 The species of Arcobacter associated with human or animal disease are Arcobacter, A. cryaerophilus (groups 1A and 1B), and A. skirrowii. Of these, A. butzleri is isolated most frequently from human infections.
Arcobacter butzleri has been isolated from water, poultry, and ground pork, all of which pose a risk for human infection. 1, 6, 12, 18 Previous studies have detected Arcobacter in ground pork samples obtained from midwest slaughter facilities, with recoveries from the 5 plants ranging from 0 to 90%. 1 Whether management practices at the source farms or the sanitary conditions during slaughter influenced the prevalence of Arcobacter spp. in ground pork was not determined.
Aerotolerant Campylobacter-like organisms have been isolated from aborted and normal porcine fetuses, sows with reproductive problems, and clinically healthy specific-pathogen-free pigs. [2] [3] [4] [5] 9, 10, 17, 18, 20 In one study, 90% of Campylobacter spp. isolated from fetuses and 78% of Campylobacter spp. isolated from porcine vaginal swabs were identified as C. cryaerophila. Strains from reproductively impaired and from normal sows were similar antigenically, suggesting that strains associated with infertility are opportunistic pathogens that colonize the fetus after placental damage. 17 The first isolations of Arcobacter spp. in the US were from pigs with reproductive problems in North Carolina in 1992. 4 Late term abortions (ϳ90-105 days of gestation), repeat breedings, and a higher than usual rate of stillbirths ND* ND ND ND ND slaughterhouse; preputial fluid slaughterhouse; preputial fluid slaughterhouse; preputial fluid slaughterhouse; preputial fluid slaughterhouse; preputial fluid
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* ND ϭ Pigs originated from one of three farms (A, B, or C); exact origin not determined. were observed in pigs from which Arcobacter spp. were recovered from fetal kidneys and livers. Antibiotic therapy provided limited improvement; an autogenous vaccine was effective in the limited number of animals studied. 4 Subsequently, A. cryaerophilus and A. butzleri have been isolated from healthy as well as aborted porcine fetuses in Iowa. 13, 18, 20 In South America, the organisms were described first in 1995, with the isolation of A. cryaerophilus reported from a aborted bovine fetus in Chile. 5 Subsequently, A. cryaerophilus was isolated from aborted porcine fetuses and from the uteri and oviducts of sows with reproductive problems in Brazil. 10 The use of molecular-based methods, such as DNA fingerprinting by restriction fragment length polymorphism (RFLP), has expedited the identification of Arcobacter spp. in humans, water, and livestock and has verified the dissemination of Arcobacter in a nursery school outbreak. 8, 12, 13, 15, 20 Further, although A. butzleri (weak-to-negative catalase) can be distinguished from A. cryaerophilus (strong catalase test) by routine laboratory assays, the 2 hybridization groups of A. cryaerophilus can be distinguished only by molecularbased methods. No phenotypic test is capable of such differentiation. 8, 16 The goal of this study was to use RFLP to identify Arcobacter spp. recovered from male pigs in Brazil.
A total of 74 preputial swabs, collected with a cotton swab, a and 9 semen samples were analyzed. Fourteen preputial swabs from boars and 9 semen samples in Beltsville semen extender, which was prepared as described earlier, 11 were obtained from boars on 2 farms, designated farm E. This farm experienced reproductive problems; Arcobacter spp. had been isolated from sows earlier. 10 Preputial swabs (n ϭ 60) were also obtained at slaughter from hogs originating from the region where Arcobacter infection was reported on farms. 10 Samples were sent to the laboratory under refrigeration and were processed within 4 hours of collection.
Preputial swabs and semen samples (0.5 ml) were inoculated in semisolid Ellinghausen, McCullough, Johnson, and Harris (EMJH) enrichment medium supplemented with 5fluorouracil (200 mg/ml), originally formulated for the cultivation of Leptospira. 13 Enrichment samples were incubated at 30 C in atmospheric oxygen. Cultures were examined after 48 hours by dark field microscopy (40ϫ magnification) for motile, curved rods, as described earlier. 13 Arcobacter isolates were tested for the presence of catalase and oxidase, tolerance to nalidixic acid (40 mg/ml) and sodium chloride (3.5%), growth on MacConkey agar, and hydrolysis of indoxyl acetate, as previously described. 13 For RFLP analysis, chromosomal DNA (2 g) from reference and field strains of Arcobacter spp. was cleaved with PvuII, restriction fragments size separated by gel (1% agarose) electrophoresis, and Southern blotted, as described. 8, 13, 19, 20 Chromosomal DNA from American Type Culture Collection reference strains of A. butzleri, A. cryaerophilus 1A, and A. cryaerophilus 1B was included on each gel for comparison. To visualize DNA polymorphisms, Southern blots were hybridized with the digoxigenin-labeled Arcobacter probe (5Ј-GAT-ACA-ATA-CAG-GCT-AAT-CTC-TAA-CCA-3Ј), as described previously, 20 according to the manufacturer's direction. b This 27-mer had previously generated reliable RFLP patterns with key restriction fragments (kb) to identify A. butzleri (ϳ3.0 kb), A. cryaerophilus 1A (ϳ3.2 kb), and A. cryaerophilus 1B (ϳ3.2 and ϳ2.6 kb). 8, 10, 13, 20 Comparison of the resultant RFLP patterns of the porcine isolates with reference standards of Arcobacter species included on each gel was used to classify the field isolates ( Fig. 1) .
Eighteen isolates of Arcobacter spp. were recovered from preputial fluid of boars (n ϭ 2) from farm E and from preputial fluid of market weight hogs (n ϭ 16) from 1 of possibly 3 farms (A, B, and C). The exact farm source could not be identified. No isolations were made from semen. All samples were also negative for Leptospira spp. after incubation of EMJH for 8 weeks at 30 C.
All the isolates were positive for oxidase and indoxyl acetate hydrolysis. None of the isolates grew in the presence of either 3.5% NaCl or nalidixic acid. Two isolates, SP24 and SP51, that were cultured from the preputial swab of market weight hogs were negative for catalase and thus presumptively identified as A. butzleri.
The origin and classification by RFLP of the isolates are summarized in Table 1 . That the species of Arcobacter can be reliably identified on the basis of RFLP patterns has been previously reported. The two hybridization groups of A. cryaerophilus exhibit a common ϳ3.2-kb band whereas A. butzleri shows an ϳ3.0-kb band. 8, 20 On the basis of RFLP analysis, the isolates were classified as follows: A. cryaerophilus 1A (n ϭ 6), A. cryaerophilus 1B (n ϭ 7), A. butzleri (n ϭ 2), and not identified (n ϭ 1). Isolates SP24 and SP51 exhibited the ϳ3.0-kb band characteristic of A. butzleri (Fig.  1) . These isolations of A. butzleri from market weight hogs represent the first report of the organism in South America.
The recovery of Arcobacter in hogs is summarized in Table 2. Arcobacter cryaerophilus was isolated from 2 boars from farm E. The RFLP patterns identified the 2 isolates as belonging to groups 1A and 1B, which suggests multiple sources of infection. Of the preputial swabs obtained at slaughter (n ϭ 60), 26.7% (16 of 60) yielded Arcobacter. This could suggest that the animals were infected early in life as piglets. The ability of Arcobacter spp., particularly A. butzleri, to colonize the neonatal pig intestine and to be shed in the feces has been documented. 19 None of the semen samples used for artificial insemination was contaminated by Arcobacter, which may reflect the efficacy of antimicrobials in the stored semen.
Earlier, A. cryaerophilus 1B was found most frequently in fetuses and sows. 10 In contrast, in this study of male pigs, A. cryaerophilus 1A (6 isolates) and A. cryaerophilus 1B (7 isolates) appeared to be evenly distributed. In conclusion, the availability of molecular-based methods to identify Arcobacter and to subgroup A. cryaerophilus may help to elucidate the transmission and, perhaps, aid in determining the significance of this newly described microbe in the reproductive performance of boars.
